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Background
50
The causative agent of plague, Yersinia pestis, reached infamy after causing 51 three devastating human pandemics during recorded history. The disease 52 however, is mainly a vector-borne, wildlife disease, circulating within rodent 53 populations across the world, which occasionally spills over into human 54 populations. Today there are approximately 700 reported human cases of 55 plague worldwide each year with more than 100 deaths (World Health 56
Organization, 2017), most of which occur in Africa. Due to the pandemic 57 history of the pathogen and the continued potential for human outbreaks, 58
close surveillance of its presence in wildlife systems has been incorporated 59 into several local and national surveillance programs, some dating back to the 60 beginning of the 1900s (Melikishvili, 2006) . 61
62
Plating of infected animal tissues or fleas and subsequent counting of 63 bacterial colonies is a well-established, sensitive and widely used method in 64 many surveillance programs and in diagnostics (Bevins et al., 2012) . This is a 65 time-consuming method that exposes the workers to infectious material for 66 Fetherston, 1997). They are also altogether unsuitable for quantification. 88
89
In the era of sequencing and genomics and the power and relative ease of 90 PCR based methods, the gold standard of detection is shifting from culture-91 based methods towards molecular tools. In this context, PCR based assays 92 are able to detect the pathogen at low quantities making them the most 93 appropriate choice for investigative studies where maximal sensitivity is 94
required. Yet specific detection of bacterial pathogens using PCR or 95 immunoassay tests must often navigate several major obstacles, many being 96 the products of bacterial evolution. Most pathogens evolve out of complexes 97 of related species, where mechanisms like horizontal gene transfer (HGT) 98 allows a constant exchange of genetic elements, often as plasmids or genetic 99 islands (Juhas, 2015 primer from the original assay across all DNA concentrations (Fig. 2 (A) ). Our 203 augmented assay successfully quantifies concentrations of Y. pestis ranging 204 from 5 ng (~100 000 000 genome copies) to 50 fg (~10 genome copies) with a 205 slight shift in amplification efficiency (higher Cq values) compared to when the 206 original reverse primer is used (Fig. 2 (C) ). In contrast, we find amplification 207 failure in all dilutions of Y. pseudotuberculosis and were only able to achieve 208 false positives using extremely high concentrations of Y. pseudotuberculosis 209 template in the furMAMA assay where we saw some weak cross-reactivity in 210 three of four replicates at 5 ng and one of the quadruplicates at 500 pg ( (Fig. 2 (B) 
Detection by conventional PCR
245
The furMAMA assay was also run as a standard PCR without probe to test its 246 applicability as a detection only assay for when quantification equipment is not 247 Specificity is acquired in a single assay through allele-specific amplification of 276 this SNP in a key virulence gene, fur, whose presence is found throughout 277
Enterobacteriaceae without the need for further molecular targets (Fig. 1) . 278 (Fig. 2 (A) ). In contrast, the amplification failure of Y. 302 pseudotuberculosis with the YpfurR_MAMA primer establishes our assay's 303 ability to distinguish between the two highly genetically similar pathogens, as 304 well as the ability to quantify Y. pestis over a broad range of concentrations 305 (Fig. 2(D and C) Table 2 ). Several reverse MAMA primers 371 were designed with different nucleotide mismatches at the 3' penultimate 372 position. These were tested for specificity and amplification efficiency before 373 ultimately choosing the YpfurR_MAMA primer. 374 375 
Specificity tests 390
Given limited access to a large strain collection of Yersinia, specificity was 391 largely assessed using bioinformatics (BLAST) of available sequence data 392 (see "Bioinformatics" below). Therefore, the specificity and kinetics of the 393 assay was done through analyzing genomic DNA from a representative of 394 both alleles (see Fig. 1 NCBI database using default parameters. BLAST hits were inspected to 442 confirm which allele was present in the sequence. Finally, the presence of the 443 Y. pestis allele in the strain used in this study (Az-26 (1102)) was confirmed 444 by a BLASTn search using the fur gene from Y. pestis CO92 as query against 445 a BLAST database generated from the Az-26 (1102) genome assembly. From 446 these data an alignment was made using representative sequences from 447 BLAST searches through Geneious (https://www.geneious.com) and aligned 448 using Jalview (Waterhouse et al., 2009 
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